Results of a precision Doppler velocity survey of 15 stars that lie in or near the Cepheid instability strip are presented. Previous studies have shown that these stars are photometrically stable. Long-term radial velocity precision of 15 m s~1 has been achieved with the use of an iodine absorption cell and a high-resolution cross-dispersed echelle spectrometer. The stars show a variety of behavior from stability (at the level of 30 m s~1) to variability from 50 m s~1 to a few km s~1. Periodograms of many of the program stars show signiÐcant peaks at 50È80 days that are not associated with radial pulsation. Previously undetected binary companions have been found around two of the stars. Line proÐles are compared to d Cep.
INTRODUCTION
A number of photometric studies have shown that at least one-half of the stars that reside in the Cepheid region of the instability strip are photometrically stable at the level of & Hube 0.01È0.03M V (Fernie 1971 ; Schmidt 1972 ; Percy Baskerville, & Trevorrow 1975 ; Fernie 1976 ; Percy, 1979) . Studies of these stars have broad implications for several theoretical and observational aspects of Cepheid variable stars.
After seven decades of intensive study, a number of outstanding questions remain unanswered about Cepheids. The radial velocity amplitude of Cepheids with similar color and period can di †er by more than an order of magnitude. It is not known what sets the radial velocity amplitude, or why nonvariable stars exist in the instability strip. The boundaries of the Cepheid instability strip are not well known. It has recently been suggested that the instability strip is much narrower than has traditionally been thought et al. (Fernie 1990 ; Chiosi 1992) . Historically, small-amplitude variables have been discovered because of their photometric variations. Over the last decade, observational advances have improved the precision of Doppler velocity measurements by 2 orders of magnitude, from 500 to3ms1. Precision velocity techniques are now exquisitely sensitive to small amplitude variations. Recent precision velocity studies have found that K giants undergo radial velocity variations of 25È300ms~1 with periods ranging from hours to years
McMillan, (Smith, & Merline et al. et al. 1987 ; Walker 1989 ; Larson 1993 ; Hatzes & Cochran Other recent studies have 1993 . found that F and G supergiants vary by D1 0 0ms1 & Cochran (Butler 1992 ; Hatzes 1995) . This paper presents the results ofa6y rsurvey of 15 photometrically stable stars that lie in or near the Cepheid instability strip. The observational technique and stellar sample are described in
The Doppler velocity results°2. and preliminary analysis are presented in Line proÐles°3. are examined in including a comparison with d Cep. A°4, discussion of the results follows in°5.
OBSERVATIONAL TECHNIQUE AND STELLAR SAMPLE
All of the observations presented in this paper were taken at Lick Observatory with the Hamilton, a cross-dispersed coude echelle spectrometer
The Hamilton is (Vogt 1987) . fed by both the 0.6 m Coude Auxiliary Telescope (CAT) and the 3 m Shane Telescope. Most of the observations reported in this paper were made with the CAT.
High-precision Doppler velocity measurements have been made via the iodine absorption cell technique Valenti, 1995 ; Marcy In brief, wavelength calibration is accomplished by 1992) . placing an iodine gas absorption cell directly in front of the spectrometer slit. Starlight thus passes through the iodine absorption cell before entering the spectrometer. The superposed absorption lines of iodine serve as indelible wavelength markers, and their shapes convey the local spectrometer point-spread function (PSF). The wavelength and PSF parameters are determined by constructing a model of the spectrum, which includes the unknown Doppler shift. Relative Doppler errors were D1 5ms1 until 1994 November, when improvements in the spectrometer brought the errors down to3ms1. A number of stable stars are shown in Figure 1 of , Figure 2 of & Marcy and Figures 3 and 4 of , & Marcy Butler (1997 "" none of these variations could be assembled into a convincing light curve, and are taken to be just the irregular variability accepted as normal in supergiants.ÏÏ The stars in this program span the spectral range from F2Ib though G5Ib, along with a handful of F and G type II stars. An H-R diagram of the program stars is shown in along with the boundaries of the Cepheid insta- Figure 1 , bility strip. The approximate boundaries of the "" restricted ÏÏ Cepheid instability strip et al. are (Fernie 1990 ; Chiosi 1992 ) indicated by the solid lines, while a more traditional red edge of the instability strip is indicated by the dashed line. Although there is signiÐcant uncertainty in the determination of absolute magnitudes, this Ðgure demonstrates that most of the program stars lie in or at least very near to the instability strip.
DOPPLER VELOCITY RESULTS
The Doppler velocity measurements of the program stars are presented here, along with preliminary analysis. Each star has been observed about 50 times over 4È6 yr. The stars were typically observed on consecutive nights for 1 or 2 weeks during the summer and/or fall from 1991 through 1995. A few stars have been observed for up to 8 yr.
periodogram analysis, similar to that Scargle (1982) described in & Baliunas is employed in Gilliland (1987), searching for periodicities in the data. The signiÐcance of the periodogram peaks has been determined by Monte Carlo simulations. The measured Doppler velocities were randomly reassigned to the observation dates, and periodograms of the resulting scrambled velocity sets were determined. A total of 500 trials of each star were run in order to Ðnd the level at which the peaks were signiÐcant at the 1% level Hearnshaw, & Clark lists the (Murdoch, 1993) . a Only D25% of the orbit has been observed.
bear a "" family resemblance ÏÏ with primary or secondary peaks of 50È80 days. Often, there are two or three strong aliased peaks, resulting from uneven data sampling. The problem of periodogram aliasing is studied with a Monte Carlo simulation of the data. A sine is Ðtted to the data at each of the preferred periods, and the rms of the sine Ðt is noted. A model of the data is constructed by adding random noise with an appropriate rms to the sinusoidal Ðt. The window function is maintained by sampling the "" noisy sinusoids ÏÏ at the times of the observations. A hundred such models are constructed, and periodograms are determined for each of the resulting models. The periods of the four highest peaks in each of the model data periodograms are stored, then compared to the highest peaks from the periodogram of the original data. The period is 843 days, the eccentricity is 0.386, and does not indicate that HR 213 is part of a binary or multiple system. Assuming that HR 213 has a mass of D5 (based M _ on spectral type), the companion would have a minimum mass m sin i of 0.6 and a semimajor axis of 3 AU. A M _ periodogram of the residual velocities after subtracting the orbital Ðt Ðnds weak periodicities at 5 yr and 16 days.
HR 461 (G5II)
The measured Doppler velocities for HR 461 are shown in
The uncertainty of the individual measurements Figure 4 . is typically 10 m s~1. The rms of the full data set is 93 m s~1, while the scatter within each of the observing seasons is about 50 m s~1.
A periodogram of the velocities reveals a strong ( Fig. 5a ) peak at 69.180 days.
shows the velocities phased Figure 6 with this period. The sinusoid Ðt (solid line) to the phased velocities has a rms of 50 m s~1. The semi-amplitude of the sine is 140 m s~1.
shows a periodogram of the HR Figure 5b 461 velocities with the sinusoid subtracted. The peaks seen near 400 and 900 days in the original periodogram (Fig. 5a ) fall well below the 1% false alarm level. The remaining peaks are weak, barely reaching the 1% false alarm level, with periods of less than 20 days. A hundred sinusoidal models of the data have been constructed at each of the two peak periods found from the periodogram. Random noise with a rms of 55 m s~1 was added to the sinusoids, and they were then sampled at the times of the observations to take into account the window function. Periodograms were run on resulting model velocities. For the case of the 491.5 day sinusoid, 87% of the periodograms found a periodicity of between 50 and 52 days, while 6% of the periodograms found a period between 278 and 308 days. For the 51 day sinusoid, periodicities between 476 and 506 days were found in 37% of the periodograms, and 52% of the periodograms found periodicities between 278 and 308 days. Thus, both a 491.5 and a 51.0 day periodicity can account for all observed peak periodicities, although the 51.0 day periodicity is more likely to account for the 293.9 day peak.
The star was repeatedly observed for 10 or more nights on three di †erent observing runs. The results are shown in The velocity zero point of each of the observing Figure 10 . runs is arbitrary. The circles are from an observing run that began in 1991 early October, and they span 11 nights. The squares are from 1992 late September and span 10 nights. The diamonds are from 1993 mid-August and span 13 nights. On several occasions the velocity of the star is seen to change by D150 m s~1 over 1È3 days. The full amplitude of the velocity variations seen in is only D250 m Figure 7 s~1, suggesting that the longer periods (293.9 and 491.5 days) seen in the periodogram are the aliased periods.
A periodogram of the residual velocities, after subtracting the 491.5 day sinusoid, is shown in while Figure 8b , day periods. The rms Ðt of the 44.717 day sine is 46.5 m s~1, while that of the 51.575 day sine is 49.7 m s~1. Figure 18a shows the velocities phased with the 44.717 day period, while shows the data phased with the 51.575 day Figure 18b period. Two sinusoidal models of the data have been created, with periods of 44.717 and 51.575 days, as in the case of HR 800. Random noise with a rms of 50 m s~1 was added to each of the sinusoids, and the sinusoids were then sampled at the same times as the observations. A total of 100 such models was constructed for each of the two periods, and periodograms were run for each case. The 44.717 day sinusoid produced strong peaks between 50.575 and 52.575 days 74% of the time, and between 24.9 and 26.9 days 30% of the time. For the case of the 51.575 sinusoid, strong peaks between 43.7 and 45.7 days were generated 62% of the time, and between 24.9 and 26.9 days 14% of the time. Both sets of models also typically produced periodogram peaks near 400 and 1000 days, as in Thus, Figure 17a . both a 44.717 and a 50.575 day period are consistent with the observed periodogram, although the 44.717 day period is more likely to produce the aliased peak near 26 days.
A periodogram of the residual velocities, after removing a sinusoid with a 44.717 day period, is shown in Figure 17b . The periodogram of the residual velocities, after subtracting a sinusoid with a 51.575 day period, is shown in Figure 17c The periods of the three highest peaks are 21.292, 21a. 20.073, and 108.065 days, respectively. Sinusoids Ðtted to the data with these periods scatter by 37.6, 38.8, and 38.2 m s~1, respectively.
shows 13 observations of HR 6536 taken over Figure 22 14 nights, beginning in 1993 mid-August. Over this 2 week interval the velocities change by the full amplitude of the variations in the entire data set, suggesting that the 108 day period is an alias of a shorter period.
One hundred sinusoidal models of the data have been constructed with each of the three peak periods from the periodogram. Random noise with a rms of 38 m s~1 has been added to the models, and periodograms have been taken of the results. Models constructed from 108.065 day sinusoid produced strong periodogram peaks between 17 and 24 days in 2% of the simulations. Models constructed from the 20.073 and the 21.295 day sinusoids produce strong peaks between 103 and 113 days for 1% and 13% of the time, respectively. Thus, it is likely that the 108 day periodicity seen in the periodogram is an alias of the 21.292 day period.
A periodogram of the residual velocities, after subtracting the sinusoidal Ðt at the 21.292 period, is shown in Figures The periods of Figure 25a . the three highest peaks are 79.708, 65.000, and 157.690 days, respectively. Sinusoids Ðtted to the data at these periods have rms residuals of 27.4, 29.3, and 28.0 m s~1, respectively.
A hundred sinusoidal models of the data have been constructed at each of the three peak periods. Random noise with a rms of 28 m s~1 has been added to the models, and periodograms have been determined for the results. The 79.708 day sinusoid produced strong periodogram peaks between 152.7 and 162.7 days 60% of the time, and between 64 and 66 days 59% of the time. The 65.000 day sinusoid produced peaks between 152.7 and 162.7 days 10% of the time, and between 78.5 and 81 days 29% of the time. The 157.690 day sinusoid produced peaks between 64 and 66 days 13% of the time, and between 78.5 and 81 days 26% of the time. Thus it is likely that both the 65 and the 157 day periodicities are aliases of the 79.708 day period. A periodogram of the velocity residuals, after removing the 79. one-half the depth of the typical star in this program. The uncertainty of the individual observations, D55 m s~1,i s more than 3 times greater than that of any other star in this program. Measurement uncertainty is nonetheless quite small, when compared to the intrinsic variability of the Doppler velocity signal. The rms of the measured velocities, 947.9 m s~1, is so large that it suggests possible orbital motion.
The periodogram of the velocities is shown in Figure 28a . The periods of the highest peaks in the periodogram are 84.126, 39.352, and 173.257 days. Keplerian orbital Ðts to the data at periods of around 84 and 173 days yield rms residuals to the data of 321 and 508 m s~1, respectively. Such large deviations do not strongly support the orbital hypothesis. Furthermore, orbits of 84 and 170 days would have semimajor axes of 0.65 and 1.03 AU, respectively, assuming a 5 primary. These orbits would be uncom-M _ fortably close to a star of D100 shows a R _ . Sinusoids Ðtted to the data at the periods of the three highest periodogram peaks have rms residuals of 544, 687, and 601 m s~1, respectively. One hundred sinusoidal models of the data have been constructed at each of the three peak periods. Random noise with a rms of 600 m s~1 has been added to the models, and periodograms have been determined for the results. The 84.126 day sinusoid produced strong periodogram peaks between 38.5 and 40.0 days 93% of the time, and between 163 and 183 days 61% of the time. The 39.352 day sinusoid produced peaks between 83.5 and 85.5 days 41% of the time, and between 163 and 183 days 23% of the time. The 173.257 day periodicity produced peaks between 83.5 and 85.5 days 66% of the time, and between 38.5 and 40.0 days 55% of the time. The 84 day periodicity is slightly more likely to produce aliased peaks that are similar to the observed periodogram, but neither the 173 nor the 39 day periods can be ruled out.
HR 7387 was repeatedly observed for more than 10 nights on three di †erent observing runs. The results are shown in
The velocity zero point of each of the Figure 30 . observing runs is arbitrary. The circles are from an observing run that began in 1991 early October, and they span 12 nights ; the squares are from 1992 late September and span 12 nights ; and the diamonds are from 1993 mid-August and span 13 nights. The night-to-night velocity variations are clearly correlated, with changes in velocity of D5 0 0ms1 occurring over D5 days. Given that the full amplitude of the observed velocity variation is D3000 m s~1, this suggests that the longer 173 day peak from the periodogram is an alias. Figure 31 . Butler (1992) has a 11.9 day period and a 400 m s~1 full amplitude. This amplitude is clearly inconsistent with the 2 ] 103 ms1 variation seen in
The periodogram of the veloci- Figure 31 . ties is shown in All of the 10 highest peaks in the Figure 32a . periodogram correspond to periodicities of more than 30 days.
The results of were based on three observButler (1992) ing runs. As that paper noted, "" Each of the three observing runs had a di †erent primary goal. For this reason the position of the CCD chip was somewhat di †erent during each run. This has necessitated the use of a separate template spectrum for each of the program stars for each of the three runs. ÏÏ The e †ect of using a separate template spectrum for each run was to introduce an arbitrary velocity zero point for each of the three runs. These arbitrary velocity zero points disguised the large amplitude of the velocity variations and introduced the 11.9 day peak in the periodogram.
All spectra prior to 1994 November were taken with an 800 ] 800 CCD. Since then, a 2048 ] 2048 CCD has been used exclusively. This larger format CCD covers the entire spectral range of all three observing runs reported in the 1992 paper. The same iodine absorption cell has been used to provide a velocity metric for all observations reported in this paper and in the 1992 paper. All of the data reported in the 1992 paper have been reanalyzed with a single new template taken with the 2048 ] 2048 CCD. Since all observations have now been analyzed with the same stellar template spectrum, the problem of arbitrary run-to-run velocity zero points has been resolved.
The three highest periodogram peaks shown in Figure  correspond to periodicities of 74.440, 702.801, and 32a 243.829 days. Sinusoids Ðtted to the data with these periods yield rms Ðts of 353, 403, and 374 m s~1, respectively. One hundred sinusoidal models of the data have been constructed at each of the three peak periods. Random noise with a rms of 400 m s~1 has been added to the models, and periodograms have been determined for the results. The velocity zero point of each of the observing runs is 33. arbitrary. The circles are from an observing run that began in 1990 mid-August, and span 14 nights. The squares are from 1991 early October, and span 12 nights. The diamonds are from 1992 late September and span 13 nights. The triangles begin in 1993 late July and span 25 nights. Velocity variations of 300 m s~1 are seen on timescales of 4 days to two weeks. Given the full amplitude of the observed velocity variation is D2000 m s~1, this suggests that the longer period peaks from the periodogram are aliases.
In the measured velocities of HR 7796 are Figure 34a shown phased with the period of 74.440 days. While most observations fall within D1 0 0ms1 of the sine Ðt, observations from three observing runs sit 500 to 1000 m s~1 from the sine. A periodogram of the velocity residuals of HR 7796, after subtracting the 74.440 day sine Ðt, is shown in In the velocities of HR 7796 are Figure 32b . phased with this period. The rms of the sine Ðt to this data is 17.6 m s~1, which is only slightly larger than the internal measurement error of 12.5 m s~1. The periodogram of the velocity residuals, after removing the 70.674 day sine Ðt, is shown in There are no remaining periodogram Figure 36b . peaks above the 1% false alarm level. at these two periods have a rms of 100.2 and 98.8 m s~1, respectively. One hundred sinusoidal models of the data at these periods have been constructed. Random noise with a rms of 100 m s~1 has been added to the models, and periodograms have been determined for the results. The 1023 day sinusoid produced strong periodogram peaks between 200 and 207 days 66% of the time. The 203 day sinusoid produced peaks between 1005 and 1042 days 42% of the time. Thus, both the 1023 and 203 day periodicities yield aliases that are consistent with the observed periodogram. HR 8232 was observed over a span of 10 or more nights on three occasions, as shown in
The velocity zero Figure 40 . point of each of the observing runs is arbitrary. The circles are from an observing run that began in 1991 early October and span 11 nights, the squares are from 1993 early August and span 25 nights, and the diamonds are from 1994 early August and span 10 nights. Velocity variations of D100 m s~1 are seen on timescales of 1È5 days. Given that the full amplitude of the observed velocity variation is D500ms~1, this suggests that the 1023 day period is the alias of the shorter 203 day period. In the velocities are Figure 41a shown phased with the 1023.866 day period, while in Figure  they are phased with the 203.417 day period. 41b
Periodograms of the residual velocities, after removing the best-Ðt sinusoid at the 1023 and 203 day periods, are shown in Figures and 38c, respectively. A number of 38b peaks rise above the 1% false alarm level after removing the 1023 day periodicity, while no such peaks are seen after removing the 203 day period.
3.14. HR 8313 (G5Ib) The measured Doppler velocities of HR 8313 are shown these periods yield rms Ðts of 63, 62, and 68 m s~1, respectively. One hundred sinusoidal models of the data have been constructed at each of the three peak periods. Random noise with an rms of 63 m s~1 has been added to the models, and periodograms have been determined for the The velocity zero Figure 44 . point of each of the observing runs is arbitrary. The circles are from an observing run that began in 1991 early October, spanning 11 nights ; the squares are from 1993 late July, spanning 25 nights ; the diamonds are from 1993 early October, spanning 11 nights. Velocity variations of D200 m s~1 are seen on timescales of a few days. The full amplitude of the observed velocity variation is D4 0 0ms1, which argues against the longer periods. Periodograms of the residual velocities, after removing the best-Ðt sinusoid at the 230.918 and 137.822 day periods, are shown in Figures  and 38c, respectively. There are no 38b remaining strong peaks in either periodogram. A periodogram of the velocities is shown in Figure 46a . The three highest peaks have corresponding periods of 76.152, 40.626, and 121.987 days, respectively. Sinusoids Ðtted to the data with these periods yield rms Ðts of 87, 93, and 95 m s~1, respectively. One hundred sinusoidal models of the data have been constructed at each of the three peak periods. Random noise with a rms of 90 m s~1 has been added to the models, and periodograms have been determined for the results. The 76.152 day sinusoid produced no strong periodogram peaks between 38 and 43 days and none between 110 and 132 days. It did produce strong peaks between 95.4 and 96.8 days in 53% of the trials, which corresponds to the period (96.367 days) of the fourth highest periodogram peak in The 40.626 day sinusoid Figure 46a . produced strong peaks between 75 and 77 days 3% of the time and between 121 and 123 days 35% of the time. The 121.987 day periodicity produced no strong peaks between 70 and 80 days, but between 40 and 41 days, it produced a strong peak 39% of the time. It is not surprising that the 40.626 and 121.987 day periods generate "" cross-aliases ÏÏ so often, since the periods di †er by almost exactly a factor of 3. Neither the 40.626 or 121.987 day periodicities produced aliases between 95 and 98 days.
HR 8414 was observed over a span of 10 or more nights on four occasions, as shown in
The velocity zero Figure 47 . point of each of the observing runs is arbitrary. The circles represent an observing run that began in 1990 mid-August, spanning 18 nights, the squares designate that of 1991 early October, spanning 12 nights, and the diamonds, late of 1992 late September, spanning 10 nights. The triangles represent 1993 mid-August and span 13 nights. Velocity variations of D1 5 0ms1 are seen in each of these observing runs. In the velocities are shown phased with the 76.152 Figure 48a day period, while in they are phased with the Figure 48b Figure 46b . number of strong peaks are seen between about 80 and 235 days. A periodogram of the residuals, after removing the 40.626 day period, is shown in
The strong peaks Figure 46c . in this periodogram are found at less than 100 days, with a cluster around 30 days. 1996) . observations indicate that the X-ray Ñux of Cepheids is at least a factor of 20 less than that of nonvariable supergiants The spectra of the three G0 supergiants in this sample are compared to d Cep in
LINE PROFILES
The spectrum of d Cep was Figure 49 . taken from and the phase (0.66) was choosen Butler (1993) , to match approximately the B[V of the three G0 supergiants. The maximum infall velocity occurs at phase \ 0.8, and 12 near Hb is shown. The d Cep Hb line is somewhat Ó narrower than that of the three G0 supergiants. The d Cep Ha line at this phase is also similarly narrower. In all other respects, the spectra of the G0 supergiants are extremely similar to d Cep, both in terms of line strengths and widths.
The Ðve F supergiants in this sample are compared to d
Cep in
The spectrum of d Cep was again choosen Figure 50 . to provide an approximate B[V match to the F supergiants, which occurs near phase \ 0.07. There is little to distinguish d Cep from the later F stars in this group.
All the other program stars are redder than d Cep, but they are spectroscopically similar to d Cep at its reddest phases.
DISCUSSION
Fifteen F and G supergiants have been monitored for 4È8 yr. Doppler velocity measurement errors for these stars are typically less than 20 m s~1, except for HR 7387, which is the earliest spectral type of any star in the program. The velocity scatter of every star is greater than the internal measurement error, although four stars (HR 157, HR 213, HR 6978, and HR 7834) are "" stable ÏÏ at the 30 m s~1 level. For comparison, slowly rotating late F and G mainsequence dwarfs are stable at the 3È5ms~1 level et Butler 1997) . Periodograms of the Doppler velocities of most of the stars show multiple peaks. Nine of the 15 program stars have primary peaks with periodicities between 44 and 84 days, while two of the stars have primary peaks of D200 days. There is no obvious correlation between periodicities and spectral type.
The variability in the measured Doppler velocities for the program stars is 1È3 orders of magnitude smaller than that of bona Ðde Cepheids, and the phased velocity curves are not reminiscent of Cepheid velocity curves.
With the exception of HR 213 and HR 1884, orbital motion is unlikely to be the cause of the observed velocity variations. The mass of a companion that induces an amplitude of D1 0 0ms1 and a period of 230 days or less, consistent with most of the stars in this sample, would be less than 10 While it is possible that the observed M JUP . velocity variations are caused by orbiting planetary mass companions, the data is not compelling. Sinusoidal and Keplerian Ðts to the observed velocities typically reduce the scatter of the observed velocities by less than a factor of 2. Thus an orbital hypothesis would still require intrinsic stellar variations with an amplitude of the same order (or larger) than the variations resulting from orbital reÑex motion. This is also true of the two stars (HR 7796 and HR 7387) that have larger velocity amplitudes. In addition, only Doppler velocities. Periodicities in H and K emission for HR 8414 ranged from 97 to 1800 days, compared to the dominant 76 day periodicity in the Doppler velocities. HR 6536 produced weak H and K periodicities of 28 and 42 days, which is similar to the 21 day periodicity from the Doppler velocity measurements. Fig. 3 ) reports little overlap in the H-R Evans (1993, diagram between Cepheids and nonvariable supergiants, with the bulk of the nonvariable stars being systematically redder and less luminous than the Cepheids. The nonvariables would thus occupy the region between FernieÏs (1990) restricted red edge of the instability strip and the traditional red edge. This is somewhat inconsistent with of this Figure 1 paper, which shows the program stars distributed throughout the region of the instability strip, including several within the restricted instability strip. While the B[V values for the stars in are precisely known, the absolute Figure 1 luminosities have simply been estimated from the spectral class, and could reasonably be inaccurate by a magnitude or more. Assuming that the errors in the estimate of absolute luminosity are not systematically much larger than 1 mag, suggests that that the nonvariable super- Figure The excess chromospheric activity in the (1994). non-Cepheids is diagnostic, but it does not explain why the two classes of stars di †er. The questions remain of what sets the pulsation amplitudes of Cepheids, and what is causing the odd behavior of the "" stable ÏÏ stars in the Cepheid instability strip ? In one of the earliest papers that addressed this issue, Schmidt (1972) concludes, "" It appears premature to compare the theoretical location of the instability zone with observation until the occurrence of nonvariables in that region is better understood. ÏÏ Though a quarter of a century has passed, this problem still stands.
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